PURPOSE Greater physician experience managing human immunodeficiency virus (HIV) infection has been associated with better HIV-specific outcomes. The objective of this study was to evaluate whether the HIV experience of a family physician modifies the association between the model of care delivery and the quality of care for people living with HIV.
INTRODUCTION
A ntiretroviral therapy (ART) has substantially reduced the mortality and morbidity arising from human immunodeficiency virus (HIV) infection, thus shifting the care needs of people living with longstanding HIV. Evidence suggests that clinicians with more HIV training, HIV experience, or both provide higher quality of care as measured by disease-specific indicators, including ART prescribing. [1] [2] [3] [4] [5] [6] Many of these studies, however, were performed early in the ART era, when both disease and treatments were novel and complex. Recent work has found similar quality of HIV-specific care between generalist and specialist physicians, even though the HIV experience of these physicians varied. 7, 8 In addition, multidisciplinary care teams with nonexpert family physicians may improve patients' ART adherence more than HIV specialist care alone. 9 Another important consideration is that specialist HIV physicians are less adept than generalists at preventing and managing the common comorbidities emerging with increased HIV longevity. [10] [11] [12] [13] [14] [15] [16] [17] [18] There is increasing recognition that the management of HIV requires a primary care presence, but we have a poor understanding of how to integrate HIV-specific expertise within a primary care context. 7, 10, [14] [15] [16] [17] [18] [19] [20] [21] Overall, it has been difficult to distinguish the respective contributions of physician qualification and physician experience of care to the effectiveness of HIV care. 3 We have previously used routinely collected administrative data to develop and characterize an intuitive typology of shared care for people with HIV based on actual patterns of care. 22, 23 We found that most HIV patients were linked to a usual family physician, and few saw HIV specialists exclusively. We further found that how care was delivered had a strong impact on the quality of care provided, with models of care including family physicians associated with better adherence to preventive interventions and fewer hospitalizations, and models including HIV specialists associated with better adherence to ART prescribing. 24 The objective of this study was to explore whether the HIV experience of the family physician modifies the association between the model of care delivery and the quality of care for people living with HIV. We hypothesized that ART prescribing would be modified by the HIV experience of the family physician, but that routine cancer screening and health care use would not.
METHODS

Data Sources
We used the administrative databases held at the Institute for Clinical Evaluative Sciences (ICES) for this study. These databases are made available to accredited researchers through a data-sharing agreement with the Ontario Ministry of Health and Long-Term Care and are linked using unique, encoded identifiers. We specifically used the Registered Persons Database, which includes demographic and mortality data for all residents eligible for provincial health care; 2006 Statistics Canada census data to link postal code of residence to attribute the household income quintile as a proxy for socioeconomic status; the Ontario Health Insurance Plan (OHIP) billing claims system, which contains 95% of physician services provided in the province; the Discharge Abstract Database, which captures all provincial hospital admission discharge data; the National Ambulatory Care Reporting System, which contains information on emergency department visits; Citizen and Immigration Canada data, which contains information on individuals granted permanent residency in Canada; the Client Agency Program Enrolment registry, which tracks patient enrollment to individual family physicians; the ICES Physician Database, which is derived from the OHIP Corporate Provider Database, the Ontario Physician Human Resources Data Centre database, and the OHIP database of physician billings, and which contains information on physician demographics, training, and practice setting; and the Ontario Drug Benefits, a claims database of prescriptions to individuals covered by the public system, including those aged 65 years and older and those receiving social assistance (Ontario Works, Ontario Disability Support Program), or eligible for the subsidized catastrophic access Trillium program.
Eligible Population
Using OHIP billing claims, we applied a previously validated algorithm 25 to people aged 18 years and older and living in Ontario between April 1, 1992, and March 31, 2012 with a sensitivity of 96.2% (95% CI, 95.2%-97.9%) and specificity of 99.6% (95% CI, 99.1%-99.8%) for identifying people with HIV receiving care in Ontario. We excluded patients with an invalid or outof-province residence on July 1, 2009 (277 patients). We excluded those who were known to be receiving care in community health centers between 2008 to 2010 (17 patients), as physicians in these centers are salaried and do not submit billing to OHIP. 26 To avoid misclassifying their model of care delivery based on censored visit pattern data, we excluded patients who died during the 3-year study period (510 patients).
Assignment of Patients to a Model of Care Delivery
We used the OHIP database to identify all outpatient physician visits made by our cohort of HIV patients between April 1, 2009, and March 31, 2012. We then used a previously reported approach to assign patients to 1 of 5 models of care delivery: exclusively primary care, family physician-dominant comanagement (family physician has the most visits for HIV care), specialist-dominant comanagement (HIV specialist has the most visits for HIV care), exclusively HIVspecialist care, and low engagement. 23 Briefly, physician specialty was categorized into 4 groups: family medicine (comprising the specialties of family medicine, family medicine/emergency medicine, general practice, or community medicine, all of whom may be licensed to practice family medicine/general practice in Ontario), internal medicine, infectious diseases, or other. In contrast to the United States, where internal medicine specialists may act as primary care clinicians, Canadian internal medicine specialists are primarily consultant physicians. Physicians were deemed to be HIV specialists if they were infectious disease or internal medicine specialists who had HIV-specific outpa-tient billing claims to patients in our HIV cohort. Patients were then assigned to models based on their visit data, including the specialty of the physician seen-either family physician or HIV specialist-and the billing codes submitted-either HIV-related (International Classification of Diseases, 9th Revision diagnosis code for visit was 042, 043, or 044) or non-HIVrelated ( Figure 1) . Patients who were contractually assigned to a family physician but who had no visits to that physician during the study period were excluded from analyses. Our main analyses were restricted to the 3 models of care delivery in which patients had a usual family physician.
Patient Characteristics
Patient age, sex, and postal code on April 1, 2009, were obtained from the Registered Persons Database. We used neighborhood-level postal codes linked to 2006 Statistics Canada census data to assign income quintiles and rurality scores: major urban areas (score 0 to 9), non-major urban areas (10 to 39), and rural areas (≥40). 27 We used data from Citizenship and Immigration Canada to categorize patient immigration status as follows: Canadian born, immigrant from European or western nations, immigrant from Africa or the Caribbean, and immigrant from other country. Immigrants from the HIV-endemic regions of Africa and the Caribbean were subcategorized here as they represent a growing proportion of new and prevalent HIV infections in Canada, are often demographically different from other groups, and have health outcomes that vary from those of others living with HIV. [28] [29] [30] [31] [32] The Johns Hopkins Adjusted Clinical Group System was used to ascertain comorbidity by assigning patients to up to 32 distinct aggregated diagnosis groups (ADGs), and categorized patients as having a low (≤5), medium (6 to 9), or high (≥10) number of ADGs. 33, 34 We used a previously validated method to identify individuals with mental health conditions. 35 We used the Ontario Drug Benefits claims database to identify individuals who were eligible for public drug coverage and those who had actual claims during the study period.
Family Physician HIV Experience
We used the number of unique patients in the HIV cohort that a physician billed for at least once during the 3-year study period to determine the physician's experience in managing HIV, categorized as low (≤5 patients), medium (6 to 49 patients), or high (≥50 patients) expertise. We used these values as 6 to 49 patients is an HIV volume threshold that has been identified as possibly leading to better care and decreased mortality. 
Outcome Measures
Our primary outcome of interest was the receipt of any ART prescription among those eligible for Ontario drug benefits. Secondary outcomes included measures of preventive care: adherence to colorectal cancer screening (ascertained as 1 test over 2 years for individuals aged 50 to 74 years), adherence to breast cancer screening (ascertained as 1 mammography test over 2 years for women aged 50 to 69 years), and adherence to cervical cancer screening (ascertained as 1 cervical screening test over 2 years for women aged 21 to 69 years). They also included health service use outcomes: any emergency department visit over the latter 18 months of the 3-year study period (October 1, 2010, to March 31, 2012) , and any hospital admissions (excluding maternity and same-day surgery). 36 
Statistical Analysis
We generated summary descriptive statistics to compare patient characteristics and outcomes among the 3 family physician HIV experience categories. As per ICES privacy requirements, cell sizes of 5 or fewer individuals are not reported.
We conducted multivariable hierarchical logistic regression analyses to examine the hypothesized associations with each quality outcome. We included main effects for model of care delivery and family physician HIV experience (modeled as a 3-level categorical variable), as well as the interaction between model and family physician HIV experience. We adjusted for patient characteristics: age, sex, neighborhood income quintile, rurality category, immigrant status category, level of comorbidity (ADG category), and presence of mental health conditions as fixed covariates in the model. We accounted for clustering by family physician using random effects. For each analysis, we determined the adjusted odds ratios (ORs) and obtained the predicted (least square) mean levels for each level of experience and within each model of care delivery, together with 95% confidence intervals. Pairwise comparisons were conducted within each model of care delivery using the Tukey-Kramer adjustment for multiplicity. An overall level of significance of 5% was used. We conducted all statistical analyses using SAS version 9.3 (SAS Institute).
Ethics Approval
This study was approved by the Ottawa Hospital and Sunnybrook Health Sciences Centre Research Ethics Boards.
RESULTS
We identified 13,417 HIV-positive patients having a link to a usual family physician for primary care (Figure 1) . The comparison of patient characteristics across models of care delivery has been described previously. 24 Among the 11,427 patients meeting inclusion criteria, 52.8% were exclusively managed in primary care, whereas 47.2% had comanagement by a family physician and specialist. Categorized another way, 27.1% of patients had a family physician with a low level of HIV experience, 17.4% had one with a medium level, and 55.5% had one with a high level. Table 1 shows the patient characteristics among different levels of family physician HIV experience. Patients seeing the most HIV-experienced family physicians were significantly more often male, urban dwelling, and Canadian born, and had lower comorbidity and a higher mean number of outpatient visits to their family physician during the study period. Although the observed prevalence of cancer screening varied among the experience levels, patients of family physicians with the highest level of experience had the highest observed prevalence of receipt of ART among eligible patients, as well as the lowest observed prevalences of any emergency department visit and any hospital admission. Table 2 shows the results of the hierarchical logistic regression analyses for all study outcomes. Model of care delivery, family physician experience, and the interaction between these 2 variables were significantly associated with receipt of ART after adjusting for covariates. Model of care delivery was associated with receipt of colorectal cancer screening and any hospital admission, but neither family physician HIV experience nor the interaction term of model of care delivery and family physician HIV experience was significantly associated with these secondary outcomes. Figure 2 displays the adjusted least square mean estimates of the probability of adherence to ART prescribing for each category of model of care delivery and family physician HIV experience. Among patients cared for exclusively in primary care, receipt of ART was significantly lower among those receiving care from family physicians with 5 or fewer patients and 6 to 49 patients compared with those receiving care from family physicians with 50 or more patients; the mean ART adherence (95% CI) was 0.34 (0.30-0.39) and 0.40 (0.34-0.45), respectively, vs 0.77 (0.74-0.80).
There were no statistically significant pairwise differences in receipt of ART by family physician experience within the other models of care delivery. Table 3 shows the adjusted least square mean estimates of adherence for secondary outcomes. After adjustment for multiplicity, no pairwise comparisons in adherence for secondary outcomes were significant, indicating that family physician experience did not modify the effect for these outcomes.
DISCUSSION
We found that the model of care delivery (relative amounts of HIV specialist and family physician care) is important in meeting the evolving care needs of people with HIV, and additionally, that the HIV experience of family physicians modifies the association between model of care delivery and quality of care outcomes for HIV-related care. In particular, we found that family physician HIV experience was strongly associated with receipt of ART by HIV-positive patients, especially among those seeing only family physicians for their care; those seeing a family physician with the highest level of HIV experience were almost twice as likely to receive ART as counterparts seeing less experienced family physicians. In contrast, cancer screening and health service use were not influenced by family physician HIV experience. Given the need to shift HIV care to community-based models of care delivery, this study teases out the respective impacts of physician specialty and physician HIV experience by demonstrating that the most comprehensive care is delivered by family physicians with high HIV experience. Our findings are consistent with those of a previous systematic review demonstrating that physician HIV experience is specifically associated with improved HIV-specific outcomes, such as adherence to ART prescribing. 2 Another review conducted by the same authors 3 attempted to distinguish physician training from physician HIV experience, and mainly concluded that both are important for HIV-specific outcomes.
Most of the studies in this review were conducted early in the ART era, and we were surprised to see the persistence of such a strong association between both specialty and HIV experience in our study, given the improved tolerability and decreased complexity of newer ART regimens. More recent work has shown that generalists with either HIV experience or formalized specialist decision support perform equally as well as HIV specialists for ART management. 7, 21, 37 Physicians in our study practiced in a variety of settings, and potentially reflect a more real-world experience of care delivery to people with HIV.
We have previously demonstrated that patients cared for with models in which specialist physicians managed the majority of HIV care had lower rates of cancer screening. 24 As hypothesized, in this study, we found that family physician HIV experience did not influence these primary care outcomes. Cancer screening rates were overall lower than those reported in the general Ontario population, 38 a trend seen in other studies comparing screening among those with and without HIV. 13, 39 Furthermore, outcomes related to primary care access, such as emergency department visits and hospital admissions, were not influenced by family physician HIV experience.
There are several limitations to our work. First, our assessment of ART prescribing was restricted to patients eligible for publicly funded drug benefits, ascertained based on age older than 65 years or receipt of any drug prescription during the study period. Receipt of 1 or more ART prescriptions, however, may not reflect whether patients obtained the medications from their pharmacies, adhered to them as prescribed, or both. Second, unmeasured indicators of HIV severity may contribute to residual confounding of our findings. Third, patients cared for by family physicians with the least HIV experience were more likely to be women, to live in nonurban settings, and to have higher comorbidity, which may affect access to care or competing priorities that could contribute to lower receipt of ART. Fourth, patients seeing family physicians with higher HIV experience had slightly more outpatient visits, which may reflect improved retention and continuity associated with improved ART prescribing. Finally, the administrative databases we used do not capture care delivered outside of the provincial health insurance plan, such as in CHCs (where about 1% of the Ontario population receives primary care 26 ), and to those federally insured, such as refugee claimants and some Aboriginal populations.
Our results have important implications for understanding which models of care delivery adequately integrate the strengths of both specialists and family physicians in optimizing access to and quality of comprehensive care for people living with HIV. 19, 40 Sixteen percent of HIV patients in Ontario receive care exclusively from family physicians with lower HIV experience; our results suggest potential disparities in ART among these patients. Because we also found that this influence of family physician HIV experience is mitigated by having an HIV specialist within their model of care, in order to ensure adequate ART prescribing, care delivery models for people with HIV should include either an HIV specialist or a family physician with considerable HIV experience. We recommend that such access to HIV expertise, whether through direct contact with HIV specialists or through strategies that give decision support to family physicians, be provided within a collaborative model that allows patients to retain continuity with their family physicians to ensure a comprehensive approach to care delivery. 19, [40] [41] [42] 
